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0RGHOOLQJRIJDVSHUPHDWLRQEDVHGRQWKHPRUSKRORJ\RIDQDWXUDOSRO\PHUPDWHULDO
&%UD]LQKD$3)RQVHFD+3HUHLUD201'7HRGRUR-*&&UHVSR
8QLYHUVLGDGH1RYDGH/LVERD3RUWXJDO8QLYHUVLGDGH7pFQLFDGH/LVERD3RUWXJDO
7KLV ZRUN DLPV DW UHODWLQJ JDV WUDQVSRUW PHFKDQLVPV WKURXJK QDWXUDO SRO\PHUV ZLWK WKH
PRUSKRORJ\FKDUDFWHULVWLFVRIWKHSRO\PHU

7KH XVH RI QDWXUDO SRO\PHUV KDV LQFUHDVHG VLJQLILFDQWO\ LQ UHFHQW \HDUV HQFRXUDJHG E\ WKHLU
VXVWDLQDELOLW\7KLVLQWHUHVWKDVEHHQDOVRH[WHQGHGWRWKHLUXVHDVPHPEUDQHPDWHULDOVDQGWKLQ
ILOPV 1DWXUDO SRO\PHUV KDYH EHHQ VWXGLHG DQG XVHG IRU WKH ODVW \HDUV RQ WKH WUDQVSRUW DQG
VHSDUDWLRQ RI OLTXLG DQG JDV PL[WXUHV 7KH FDVH VWXG\ RI WKLV ZRUN LV QDWXUDO FRUN ZKLFK
DWWUDFWHGDWWHQWLRQVLQFHLW LVDUHQHZDEOHDQGVXVWDLQDEOHUDZPDWHULDOWKDWKDVEHHQXVHGIRU
PDQ\ FHQWXULHV ,WV JDV SHUPHDWLRQ SURSHUWLHV DQG WKHUPDO LQVXODWLRQ SRWHQWLDO DUH DOVR
UHVSRQVLEOHIRUWKHFRPPHUFLDOLQWHUHVWLQWKLVELRSRO\PHU

)LUVW RI DOO D FKDUDFWHULVDWLRQ RI WKH QDWXUDO SRO\PHU XQGHU VWXG\ ZDV SHUIRUPHG &RUN ZDV
FKDUDFWHULVHG LQ WKLVZRUN LQ WHUPVRI LWV VRUSWLRQ DQGSHUPHDELOLW\ GDWD LQ UHODWLRQ WR YDULRXV
JDVHVZLWKGLIIHUHQWPROHFXODUPDVV+H21DQG&2,QRUGHUWRFKDUDFWHULVHQDWXUDOFRUN
LQWHUPVRIW\SHRISRO\PHUEHKDYLRXU LWVJDVWUDQVSRUWSURSHUWLHVDUHFRPSDUHGZLWKVHOHFWHG
V\QWKHWLF SRO\PHUV UHSRUWHG LQ WKH OLWHUDWXUH:LWK WKH SXUSRVH RI FRYHULQJ D ODUJH UDQJH RI
VLWXDWLRQV WKH EHKDYLRXU RI QDWXUDO FRUN LV FRPSDUHGZLWK SRO\PHUV ZLWK GLYHUVH YLVFRHODVWLF
SURSHUWLHVIURPJODVV\WRUXEEHU\SRO\PHUV3DUWLFXODUO\QDWXUDOFRUNEHKDYLRXULVFRPSDUHGWR
SRO\FDUERQDWH37)(7HIORQ$)DQG3'067KHSHUPHDELOLW\RIGLIIHUHQWJDVHVWKURXJK
QDWXUDOFRUNDQGDOVRWKURXJKWKHRWKHUVHOHFWHGSRO\PHUVLVSORWWHGYHUVXVWKH/HQQDUG-RQHV
GLDPHWHUG/->c@DPROHFXODUFROOLVLRQGLDPHWHUDVVKRZQLQ)LJXUH
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)LJXUH3HUPHDELOLWLHVRIYDULRXVJDVHV3L>PV@LQQDWXUDOFRUN&DWP LQORZIUHH
YROXPHSRO\FDUERQDWHDQGLQWKHKLJKIUHHYROXPH37)(7HIORQ$)&DWP>@DQG
LQ 3'06 &  DWP >@ DV D IXQFWLRQ RI WKH /HQQDUG-RQHV FROOLVLRQ GLDPHWHU G/- 
H[SUHVVHGLQc

1DWXUDO FRUN H[KLELWHG D W\SLFDO EHKDYLRXU RI D ULJLG JODVV\ SRO\PHUV DQG ORZ DIILQLW\ WR WKH
JDVHV OLNHSRO\FDUERQDWHZKLFKZDVQRWH[SHFWHGGXHWR LWV ORZGHQVLW\ >@DQGIUHHYROXPH
KLJKHU WKDQ  >@ DVVRFLDWHG WR D KLJK IOH[LELOLW\ RI WKHPDWHULDO DV D ZKROH 7KH SRO\PHU
EHKDYLRXU RI QDWXUDO FRUN ZDV DOVR FKDUDFWHULVHG LQ WHUPV RI WKH <RXQJ PRGXOXV D
PHDVXUHPHQW RI WKH VWLIIQHVV RI WKH PDWHULDO LQ WKH FRUN DV D ZKROH ORZ YDOXH RI <RXQJ
PRGXOXVVRIOH[LEOHDQGVSHFLILFDOO\LQWKHPDWHULDORIWKHZDOORIWKHFRUNFHOORIFRUNYHU\KLJK
YDOXHRI<RXQJPRGXOXVVRYHU\ULJLG

$ GHWDLOHG FKDUDFWHULVDWLRQ RI WKH VWUXFWXUH RI WKH SRO\PHU ZDV DOVR REWDLQHG IURP VFDQQLQJ
HOHFWURQPLFURVFRS\6(0DQGWUDQVPLVVLRQHOHFWURQPLFURVFRSH7(0$OWKRXJKQDWXUDOFRUN
KDV D UHJXODU FHOO VWUXFWXUH ZLWK VPDOO HPSW\ FORVHG FHOOV ZLWK D KH[DJRQDO SULVP VKDSH D
GLYHUVLW\ RI VWUXFWXUDO SDUDPHWHUV LV REVHUYHG VR WKH YDULDWLRQ RI HDFK UHOHYDQW VWUXFWXUDO
SDUDPHWHUZDVTXDQWLILHG$QGDVSHFLDODWWHQWLRQZDVJLYHQWRWKHVWUXFWXUHRIFRUNFHOOZDOOV

)LQDOO\ D PDWKHPDWLFDO PRGHO ZDV GHYHORSHG EDVHG RQ WKH PRUSKRORJ\ GDWD SUHYLRXVO\
REWDLQHG WDNLQJ LQWR DFFRXQW YDULDWLRQV RI HDFK UHOHYDQW VWUXFWXUDO SDUDPHWHU 7KH PRGHO
FRQVLGHUV WKDW JDV SHUPHDWLRQ RFFXUV WKURXJK WKH SODVPRGHVPDWD ZKLFK DUH FKDQQHOV ZLWK
DSSUR[LPDWHO\QPRIGLDPHWHU WKDWFURVV WKHFHOOZDOOVRI WKHFRUNFHOOV7KHPRGHODOVR
FRQVLGHUV WKDW JDV IROORZHG.QXGVHQ WUDQVSRUW ZKLFKZDVH[SHULPHQWDO YDOLGDWHG E\ WKH JDV
SHUPHDELOLWLHVEHKDYLRXUZLWKLQFUHDVLQJJDVPROHFXODUZHLJKWVLPLODUO\WR)LJXUHE\WKHORZ
JDVVRUSWLRQGDWDDQGE\WKHFDOFXODWLRQRIWKHFRUUHVSRQGHQW.QXGVHQQXPEHUV

$ JRRG DJUHHPHQW ZDV REVHUYHG EHWZHHQ HVWLPDWHG DQG H[SHULPHQWDO YDOXHV RI JDV
SHUPHDELOLWLHV WKURXJK FRUN YDOLG LQ DQ LQWHUHVWLQJ UDQJHRI YDOXHV RI JDVPROHFXODUZHLJKWV
7KLVVLPLODULW\EHWZHHQH[SHULPHQWDOGDWDDQGHVWLPDWHGUHVXOWVDOVRSURYHVWKDW WKHWUDQVSRUW
PHFKDQLVPSUHVHQWLVLQGHHGD.QXGVHQGLIIXVLRQW\SH+HQFHLWDOORZHGDQLGHQWLILFDWLRQRIWKH
UHOHYDQFH RI VRUSWLRQ DQG GLIIXVLRQ SKHQRPHQD LQ WKLV FDVH D WUDQVSRUW WKURXJK WKH SRO\PHU
FRQWUROOHGE\GLIIXVLRQ

7R RXU NQRZOHGJH WKLV VWUXFWXUH  IXQFWLRQ DSSURDFK KDV QRW EHHQ GHYHORSHG IRU VWXG\LQJ
WUDQVSRUW WKURXJKQDWXUDOPDWHULDOV$WUDQVSRUWPRGHOVXSSRUWHGRQWKLVDSSURDFKLVH[SHFWHG
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WRFRQWULEXWHIRUWKHXQGHUVWDQGLQJRIWKHXQGHUO\LQJSKHQRPHQDRSHQLQJDOVRSHUVSHFWLYHVIRU
WKHXVHRILGHQWLFDOPHWKRGRORJ\IRUVWXG\LQJJDVWUDQVSRUWLQRWKHUFRPSOH[QDWXUDOPDWHULDOV

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